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Variables
For the case count, the variable I(x) was constructed, assigning 1 to death attributable to dementia and 0 otherwise. The rates' denominator was obtained from the 2010 Brazilian Population Census, extracted from Integrate Public Use Microdata Series (IPUMS. https://international.ipums.org/international/ index.shtml, accessed on 08/Sep/2015) , for the 27 state capitals. Data related to year 2010 were projected to July 1st (half of the period). For the years 2009 and 2011-2013, population projections were performed, based on information from the national census of 2000 and 2010. The count I(x) allowed obtaining the numerator for the mortality rates from dementia for each of the mortality lines in the microdata. Cases were extracted from the SIM database via an alphanumeric search using the ICD-10 codes, with the grepl function from the R software (https://www.r-project.org/). Categories for variables sex and age coincide between the SIM and the 2010 census. For variable education however, SIM assumes categories: 0-3, 4-7, 8-11, and 12 or more years of schooling, and the census assumes different caterories. We thus performed an approximate construction using the edattaind code in IPUMS. The independent variables were: sex (1 = male, 2 = female), age (1 = 65-69, 2 = 70-74, 3 = 75-79, 4 = 80-84, and 5 = 85 years or older), education (1 = 0-3, 2 = 4-7, 3 = 8-11, and 4 = 12 or more years of schooling), and period (1 = 2009, 2 = 2010, 3 = 2011, 4 = 2012, and 5 = 2013) .
The proportion of missing data was 0.5% for sex and 18.9% for years of schooling in the SIM. In the 2010 census, the proportions were 14.47% for years of schooling and one missing for sex.
For imputation of missing data, we assume "randomness" of the sample by sex and proceeded according to the tendencies shown in the mode (Bernoulli process). For education, we assume missing not at random (MNAR) and fit a Bayesian model, considering education (1 = 0, 2 = 1-3, 3 = 4-7, 4 = 8-11, and 5 = 12 or more years of schooling) as an ordinal response, dependent on age and sex. A multinomial response is assumed with parameters p ij , i = 1, 2,…, N and j = 1,2,3,4,5, depending on: g 1 , g 2 , g 3 , g 4 , normality is assumed in g 1 and inverse gamma distributions are assumed for the other g's.
The a priori parameters elicitation were obtained from the 2010 census, where 25% of the population 65 years or older had no formal education, 50% had from 1 to 3 years, 11% from 4 to 7, 7% from 8 to 11, and 7% more than 12 years of schooling. For further details on the parameters, see Sandoval 27 .
In addition, corrections were performed for coverage based on the estimates provided by Queiroz et al. 28 which are calculated for the deaths in Brazilian state capitals for ages 15 to 60 years. Among the estimates presented by Queiroz et al. 28 , we considered those produced with the adjusted synthetic extinct generations method (SEG-adj) proposed by Bennett & Horiuchi 29 and corrected by Hill et al. 30 , as it they are based on more flexible assumptions. However, this method only allows initial corrections to the data, since it has limitations that will be discussed in the last section of this paper. These limitations inspired us to use Bayesian models to improve the fits of the rates, as described next.
Without correction for coverage and imputation of missing data, there were only 38,657 dementia cases (4.96% of the total) from 2009 to 2013. With correction for coverage, the total was 42,831 cases (5.5%), and with imputation of missing data 27 total increase to 51,307 deaths (6.58%), higher than usually found in SIM sources.
Bayesian model construction
The target response variable Y j was the proportion of deaths attributable to all types of dementia, obtained by cross-analyzing the independent variables with the microdata base according to I(x), in a total of N = 200 subpopulations (contingency table) .
Let us assume the selection of a random sample in each subpopulation defined by the covariables sex, age, year, and education, that is, j = {sex, age, year, education} y j: 1, 2,… , N. Let y j be the observed proportion of deaths from all types of dementia in the subpopulation j among the Nj individuals exposed to the risk. The dependence between Y j and the independent variables was modeled by the expected value of Y j , given a random effect V j , denoted by E(Y j |V j = v j ), generalized, from Dobson & Barnett 31 as: We assume that where θ j = exp(β 0 + k=1 S r β k X kj ) where θ j , 0 ≤ θ j ≤ 1, is the mortality rate for all types of dementia within the j-th subpopulation. The random effect V j is included into the model to account for the existence of overdispersion into Y j , assume that Vj has a gamma distribution G(r j , r j /μ j ). For the parameter r j , we consider, an inverse gamma prior distribution with fixed hyperparameters a > 0 and b > 0, which is non-informative. The rate θ j is defined as:
Where E(Y j ) = θ j N j = μ j and N is the total number of independent subpopulations in the contingency table. One can demostrate 27 that the unconditional marginal distribution of Y j , in the mixed distribution of Y j and V j , is a negative binomial distribution. For the Bayesian model (1), the model definition is completed by specifying the distributions of the regression parameters β k , k = 0, 1,… , p. Such prior distributions are informative distributions which the mean and variance are specified based on information sources obtained from a meta-analysis. To complete the specification of the Bayesian model in (1) , centered normal prior distributions with precision 1.0 x 10 6 for β 0 and for the effects of the study period. For the effects of sex, age groups, and schooling, informative prior distributions are assumed for β k , where the mean and variance are defined from extra information obtained from a meta-analysis. In addition, for these effects, since the exploratory results of the β k combined in the meta-analysis were unimodal and approximately symmetrical, and as recommended by Gelman et al. 32 , we assumed normal prior distribution as described below.
The information from a meta-analysis was obtained by a search of more than 2,000 articles in the MEDLINE and SciELO bases from 2000 to 2016. Among these, 15 studies 21,33,34,35,36,37,38,39,40,41,42 ,43,44,45,46 satisfied the criteria for the meta-analysis. The selected articles were original studies that included information on the risk factors associated with dementia. Selection was based on the diagnostic criteria for "dementia", "dementia not otherwise specified", "education" and "dementia", "sex and dementia", "dementia and age", "prevalence", "risk factors", and "epidemiology", excluding studies that used any other term that did not allow comparison with the others.
Informative hyperparameters were obtained from prior available information about risk factors for dementia. In particular, estimates of the odds ratios (OR) by education and relative risks (RR) by sex and age groups were used for this purpose.
For the effect of sex, a normal prior distribution with a mean of -0.01 and standard deviation (SD) of 0.114 is assumed; for the effects of age groups, normal distributions were obtained with means and SDs given, respectively, by: 0.833 and 0.141 (group 70-74 years), 1.56 and 0.141 (group 75-79), 2.21 and 0.138 (group 80-84), and 2.59 and 0.289 (group 85 years or older); for the effect of schooling, normal prior distributions were considered with means and SDs, given, respectively by: 1.09 and 0.253 (group with no schooling), 0.95 and 0.253 (1-3 years), 0.84 and 0.084 (4-7 years), and 0.37 and 0.084 (8-11 years of schooling) 27 .
Model (1) is known as a Bayesian log-linear regression model 47 . Processing and analysis of the information required MCMC simulation methods and was performed, using the R and JAGS software (http://mcmc-jags.sourceforge.net/). The following results were based on estimates of θ j , specific mortality rates (SMR), using 95% highest posterior density (HPD) credible intervals (CI) and the a posteriori median in all types of dementia. According to the estimates previously obtained by metaanalysis, the proportion of AD was 72% (95%CI: 58.9; 84.7) of all dementias 27 . Table 1 shows the estimated specific mortality rates. Mortality for men was 10% higher than in women, but without statistical significance. For all dementias, there was an increase of 9.5% in the mortality rate 70-74-year group, if compared to the 65-69-year group. This contribution increases considerably with age, such that in the group 85 or older, it is 84% higher than in the youngest group. For education, the contribution was 6% in the group with 0-3 years of schooling if compared to such group with 12 years or more. For AD, the contribution was only 4.4%, however it was twice higher on average, than in the other schooling groups.
Results
For identification of trends by age and schooling, a graphic for the logarithm of AD-specific mortality rates for men and women is presented ( Figure 1 ). Figure 1a shows the highest SMRs in the groups with the lowest education level (less than 7 years) in all the age groups. From 4 to 11 years of education, the SMR logarithm was similarly stable. However, the trends in the SMR across all the age groups decay similarly, from the lowest level (0-3 years) to the highest level of formal education (12 years or more). Figure 1b shows a high increase in the rates as the ages increase for in all the schooling levels. The specific mortality rates are also statistically higher in individuals with less formal education (0-3 years) than in the other groups, according to the HPD CIs. Two major groups were clearly distinguished: the group with 0-3 years of schooling and the joint group, whitall indivuduals with higher education (Figure 1b ). Table 2 again features for the differences in SMR by age groups at each level of education. For example, the 65-69-year age group, the SMR from AD is 24.05 (95%CI: 20.06; 28.67) for every 100,000 women with 3 years or less of formal education. For individuals with 4-7 years of education, the Alzheimer SMR was 15.88 (95%CI: 12.89; 19.37). The SMR showed a slight increase for 8-11 years of education (18.82; 95%CI: 15.59; 22.32), but it is not significantly different from the previous level, and decreased until reaching 13.42 (95%CI: 11.2; 15.62) in the group with 12 years or more of schooling. There were no differences in the HPD CI for the mortality rates of of education groups. The opposite is observed for the group with 0-3 years of education ( Figure 1b ).
Analogous results were obtained with population 85 years or older, except for those indiviuals with 12 years or more of schooling, showing some statistical differences at some levels of education. Tables 3 and 4 show the regional results. The sex-adjusted estimates for SMR were not statistically significant, as already observed in the overall results. The medians were similar and the confidence intervals overlapped. For the North of Brazil, we analyzed the cities of Porto Velho (Rondônia State), Manaus (Amazonas State), and Rio Branco (Acre State). Results for the city of Porto Velho should be highlight as because it had the lowest estimates in the region from 2009 and 2013, ranging from 5.5 to 9.9 deaths per 100,000 inhabitants ( Table 3 ). The 95%CI indicated high posterior variability and . There was an increase in the SMR if compared to the SMR cities in the North of Brazil. The estimates SMR were very close to those obtained for the city of Río Branco, for example. Importantly, the HPD intervals showed less variation in this region, indicating greater precision in the SMR estimates if compared to the ones obtained for state capitals in the North. However, there were no statistically significant differences by age or years of schooling.
In the Central region, we selected the cities of Cuiabá (Mato Grosso State), Goiânia (Goiás State), and Campo Grande (Mato Grosso do Sul State). The SMR estimates in the region reduced to approximately half of those in the North. However, there were no statistically significant differences at 95%. It is noteworthy that the city of Brasília also displayed similar rates to the posterior median for cities in the Central region.
The Southeast and South regions of Brazil presented the best vital statistics. The Southeast also showed highest SMR in individuals 85 or older, among all the populations analyzed. The posterior variations of the HPD CI, by year and all the cities, were also much smaller than that obtained in the other regions.
Discussion
In this study, we provide adjusted mortality estimates from Alzheimer's disease in Brazil, for the years 2009 to 2013, by combining the rigorous search for cases attributable to dementia with indirect estimation methods. We hope our results are useful for the public health sector and can also call attention to the importance of examining data errors in the vital statistics of developing countries, such as recommended by Luy 48 . However, there are significant limitations to our study.
Figure 1
Logarithm of specific mortality rates attributable to Alzheimer's disease in men and women, by age, gender, and schooling, for Brazil, 2013. First, our work is limited to mortality data for the state capitals in Brazil. Therefore, it is not representative of the whole country. We restrict the analysis to state capitals hoping to reduce the loss of information due to the underreporting of deaths, that usually are more prevalent in the less developed areas. However, we had to use correction factors for the under-registration of deaths that are specific for the entire state populations, all causes of death, ages 15 to 60, provided by Queiroz et al. 28 . So, we had to assume that the same factors apply for capitals, AD, and ages over 60. This assumption may be too strong. For example, in the less developed states, we may be overestimating the level of underregistration of deaths, since data quality should be higher in their capital cities. Also, we know little about the variation of under-registration of deaths by age, and nothing guarantees that correction factors of reported deaths at adult ages apply to older ages. Nevertheless, given our ignorance about Table 3 Estimates of specific mortality rates (SMR per 100,000 inhabitants) from Alzheimer's disease for 2009-2013 for median education (4-7 years), by age and in women, based on the results of the negative binomial Bayesian regression model with prior distributions of probability, via meta-analysis. the actual size of the underreporting of deaths from dementia 49 , we hope that a correction factor of 10% (on average), such as the one we used, provides at least some correction for the potential underregistration of deaths for AD. Also, correction factors at the state level allow us, at the minimum, to incorporate regional variations in data quality. Knowing about the limitations of traditional methods for correcting for underreporting of deaths, we also perform additional adjustments to the observed rates. We used a negative binomial Bayesian regression model, based on the hypothesis that there is a much higher percentage of underreporting of mortality from dementia than other causes; a common phenomenon in many countries 18, 42 Despite the evolution in medical technologies and health systems 50 , this percentage may remain around 50%. In the specific case of Brazil, Nitrini et al. 22 found that only 12.5% of the death certificates in the mortality database (SIM) mentioned AD or dementia among individuals with dementia. This figure gives an idea of how low the coverage can get. Therefore, we believe that the corrections we made to the original data sources, based on a priori information from a meta-analysis, were necessary so that the estimates become consistent with the probable mortality levels from this cause of death.
Except for significant interactions between age and sex, which indicated a higher risk of death among men in the younger age groups 27 , we found no significant overall sex differences for mortality from dementia. Without the proposed adjustments, the differences by sex would exist and would go in the opposite direction compared to reported AD incidence rates by sex. Teixeira et al. 51 Table 4 Estimates of specific mortality rates (SMR per 100,000 inhabitants) from Alzheimer's disease for 2009-2013 for median education (4-7 years), by age and in men, based on the results of the Bayesian negative binomial regression model with prior distributions of probability, via meta-analysis. Alzheimer-specific mortality rates of 88.5 per 100,000 among men and 112 per 100,000 among women in 2009. These estimates were similar to our crude rates, calculated before the proposed adjustments. There is an extensive discussion in Mazure & Swendsen 52 about this subject, but it is important to note that other studies 34, 37, 38 found no statistically significant differences in AD incidence by sex, which is consistent with our results 53 . The regional differences in SMR are another critical result. Curiously, mortality from AD is higher in the Southeast and South regions of Brazil. One explanation is that the reporting of AD cases may be of higher quality in the more developed regions. Although we adjusted for the underreporting of deaths by state, mortality levels (including overall mortality) may still be underestimated at the higher ages, particularly in the less developed regions, for other reasons like age misreporting in the death records. On the other hand, the fact that the less developed regions are at a less advanced stage in the epidemiological transition may imply in a higher incidence of other causes of mortality, thereby reducing the relative importance of dementia than in the more developed regions (Southeast and South).
Region
The risk of dying from dementia and AD increases with age 24, 46 . At older ages, the highest mortality rates from Alzheimer's disease were among adults with less schooling (0-3 years). In this case, Cad. Saúde Pública 2019; 35(6):e00091918 the rates were around 1,710.5 deaths per 100,000 inhabitants, almost twice as large as among adults in the highest education group. Education works as a possible protective factor against all types of dementia. "Cognitive reserve" is relevant since we found that individuals with all types of dementia in lowest educational level (0-3 years) contributed with 6% of overall adult mortality, and 4.4% in the case of AD. The estimates by education were a significant challenge in our study. Missing data by educational level could have impacted the final results, which justified the data imputation. Nevertheless, the imputation was also not trivial, given the volume of missing data and the uncertainty about the actual distribution of cases by educational level. Also, it was challenging to measure the impact of the inconsistency in the information reported by education in the mortality and population records, since these two data sources were collected separately 54 . Even so, there was evidence of greater consistency in the model with the addition of imputed data 27 .
In relation to the risk of dying from dementia or AD, our results indicated a clear qualitative difference between 3 years of schooling or less and 4 years or more, which has also been observed in other contexts 22, 44, 45, 55 in Brazil. Highly educated individuals tend to have better opportunities and probably more comfortable retirement 56 . We thus believe that education appears as a proxy variable explaining socioeconomic inequalities, more than the relationship of education and mortality from AD at older ages per se.
The increase in life expectancy, new technologies, and better diagnostics can lead to the impression that AD is increasing. In fact, the higher incidence may be due to our better capacity for diagnosis as the elderly population grows. Therefore, cases not previously detected and that were classified as other types of diseases may now be identified more accurately. In addition, environmental factors can now be included in the analysis 57 .
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Resumen
Este artículo proporciona estimaciones de las tasas de mortalidad por la demencia por la enfermedad de Alzheimer (DA) en población adulta mayor. Para ello, se usaron datos del Censo Demográfico de 2010 del Instituto Brasileño de Geografía y Estadística (IBGE) y microdatos de mortalidad de las 27 capitales de los estados brasileños, registradas en el Sistema de Informaciones sobre Mortalidad (SIM) del Ministerio de Salud de Brasil, en población con 65 años o más por lugar de residencia, entre los años 2009 y 2013. Se obtuvieron correcciones de los subregistros de mortalidad y ajustes finales de las tasas específicas de mortalidad, a partir de métodos bayesianos, con distribuciones de probabilidad a priori, construidas en base a información obtenida desde metaanálisis. Se destaca que las tasas por demencia y DA en Brasil fueron superiores a las obtenidas en países desarrollados. Las tasas de mortalidad por Alzheimer en 2013 fueron de 140,03 (IC95%: 117,05; 166,4) y 127,07 (IC95%: 103,74; 149,62) por 100.000 habitantes, respectivamente, en hombres y mujeres. La contribución de la DA a la mortalidad adulta mayor en el Brasil fue 4,4% (IC95%: 3,25; 5,72) , en el grupo de personas de 0 a 3 años de estudio, independiente de la edad y sexo. Nuestras contribuciones fueron dirigidas a aumentar el conocimiento en estimaciones corregidas de las tasas de mortalidad por Alzheimer con base en estadísticas vitales, proporcionando estimaciones más precisas y pertinentes, fundamentadas en el método científico. 
